home ranges of Carrion Crows include more cultivated fields than those of Jungle Crows in the same area. Heinz (1989) reported that the growth rate of chicks of Carrion Crows is higher in agricultural habitats than in urban habitats, and he suggested that agricultural habitats provide better food conditions. However, in small towns where the two species occur syntopically in the same habitat (Tamada & Fujimaki 1993; Takahata et al. 1996; Nakamura 2000) , differences in microhabitat use, such as feeding sites, have not been studied sufficiently.
Differences in feeding habits and interspecific territoriality have both been suggested as separation mechanisms between syntopic species (Loyn 2002) . In a study of food preferences of Jungle Crow and Carrion Crow, Ikeda (1957) analysed stomach contents of the two species and suggested that Jungle Crows prefer meat and tree fruits, whereas Carrion Crows prefer crops. However, the differences in feeding habits were insufficient to clarify the separation mechanism because 1) the food habits largely overlapped and 2) all birds were shot in cultivated fields, thus the food habits of the two species may be different in different habitats; information on actual feeding habitats and behaviour were lacking.
If food or microhabitat preferences of the two
Comparative study of territoriality and habitat use in syntopic Jungle Crow (Corvus macrorhynchos) and Carrion Crow (C. corone) species were separated, their feeding behavior and feeding sites should differ. If the feeding habits overlapped to a certain extent, resource competition would occur and they should defend resources interspecifically. Previous studies on territoriality have dealt mainly with only one species (Haneda & Iida 1966; Kuroda 1974 Kuroda , 1981 Nakamura 1998) . Interspecific territoriality has been poorly studied. I carried out a comparative study on the habitat use of Jungle and Carrion Crows where they occur in the same habitat. I describe the intra-and interspecific territoriality and the behavioral differences between the species with respect to feeding behavior.
MATERIALS AND METHODS
I conducted the study in the eastern part of Kyoto City, Kyoto Prefecture, Japan (35°01ЈN, 135°46ЈE). The study site covered an area of c1.5ϫ1.0 km and was located in an urban environment. It included residential areas, a small forest in the grounds of a Shinto-shrine, rivers, and a university campus. The rivers ran through narrow floodplains consisting of cobbles, which in many areas were covered with grasses. I focused on two study sites: one was around Shimogamo-shrine and the other around Kyoto University. I combined the data from these two sites in the following analysis. The study was conducted during the breeding season (from the incubation period in March until the young fledged in July) in 1998.
Eleven pairs of Jungle Crows and 17 pairs of Carrion Crows were found in the study area. I used seven pairs of Jungle Crows (J1ϳJ7) and 12 pairs of Carrion Crows (C1ϳC12) in the following analysis and excluded four (J8ϳJ11) and five (C13ϳC17) pairs of the Jungle and Carrion Crows, respectively, from the quantitative analysis because there were fewer observations for these. The territories of the excluded pairs are also shown in figures 1 and 2 because they seemed to inhabit the same place throughout the study period, although these territories were not completely determined.
Individual crows were not ringed because no efficient method of capturing breeding adults has been developed.
I tracked individuals leaving the nests until they were lost, or tracked individuals found in other places until they visited their nests. The home range was estimated by connecting the outermost points of sightings belonging to one particular pair (convex polygon method). While tracking individual birds in their home ranges, I recorded locations of antagonistic behavior against intruders. The types of antagonistic behavior distinguished included loud calls (Kuroda 1974 (Kuroda , 1990 , parallel flight with intruders and chasing, threatening or attacking intruders. A territory was defined as the area defended by a particular pair. A territorial boundary was determined by connecting the outermost points at which antagonistic behavior by the territory owners was observed. I also recorded the horizontal and vertical locations of other types of behavior (perching, resting, feeding). If crows threatened and chased the observer for longer than five minutes, tracking was stopped and the territory was left to avoid disturbance.
Observations were made from morning (c. 30 min. before dawn at the earliest) to sunset, on 2-4 days per week. All tracking data included tracking during early morning, when human food scraps were most readily available for the crows. Individual crows occasionally disappeared from sight and had to be searched for, so that the tracking record was not continuous. The area of home ranges and territories did not change after six hours of successful tracking data in total. Therefore, they were defined after this observation period. Two or three days were needed to detect each nest and accumulate sufficient tracking data to determine one territory. Therefore the reproductive stages of pairs during observations were not synchronized. The size of three Carrion Crow territories that was determined early in the season did not change throughout the observation period. During the following analysis it was assumed that seasonal changes in territory size were negligible.
For the quantitative analysis of habitat use, a habitat map based on a mesh with 20ϫ20 m quadrats was produced. The number of quadrats in which crows foraged was compared among pairs, focusing on feeding sites and their dispersal.
All feeding quadrats that a pair foraged was recorded and pooled. The distance between two nearest quadrats in which foraging behaviour was observed was calculated by the following equation: Dϭ with X representing the number of quadrats between the observation points in horizontal direction and Y representing the number of quadrats in vertical direction. Therefore, if two quadrats were located next to each other (Xϭ0 and Yϭ0), the distance was 1. If the quadrats forming several separated clusters, the smallest distances between clusters are also measured. The distance between two clusters was analyzed as the same as the
distances within the clusters. When the quadrates that crow used forming several clusters, the distances between the clusters indicate the minimum distances that the individual must travel to the feeding site located in other cluster. Thus, the distance between nearest feeding quadrats within the same cluster and the smallest distance between the clusters were measured. In this analysis, if the distance between two quadrats is 1, that indicates these quadrats form a cluster in which a crow can feed. The distances measured in one territory were pooled and the mean distance was calculated.
The area of certain types of environment in each territory was estimated based on the number of quadrats belonging to each type. The following categories were distinguished: forests, river floodplains, grasslands outside river floodplains, open gravel areas, and urban areas. "River floodplain" included open water, riverbeds covered with cobbles and grassland. Forests, grasslands, rivers, and open lands together were considered as environments rich in natural food sources such as insects or acorns. On the other hand, urban areas were considered as a type of environment poor in natural but rich in man-made food sources, i.e. garbage. During the data analysis only two types of contrasting environments were considered: Natural environment (forest, river floodplain, grassland outside river floodplains, open area) and urban environment.
RESULTS

1) Intra-and interspecific territoriality
Both intra-and interspecific intrusions caused the territory owners to display antagonistic behavior (Table 1) . In Jungle Crows, antagonistic behavior was most frequently observed towards Carrion Crows and next frequently, against Jungle Crows. In Carrion Crows, the most frequently observed opponents were Jungle Crows, with the Black Kites (Milvus migrans) and Carrion Crows following in this order. However, it was impossible to record all intrusions while observing one individual because this study focused on a behavioral comparison between the two crow species. Therefore, the total frequency of intrusions by all species against which antagonistic behavior was shown is unknown. Thus, the observed ratio of antagonistic behavior by each crow species against all other species does not reflect simply the extent of the crows' aggressiveness against each intruder species. Other intruder species occurred, such as humans, domestic cats (Felis cattus), Black-headed Gulls (Larus ridibundus), Northern Goshawks (Accipiter gentilis) and Eurasian Wigeon (Anas penelope). Northern Goshawk was observed only once during the study period. Cats were not frequently encountered, but they were almost invariably attacked when they entered a crow's territory. Other species were frequently present but generally did not trigger antagonistic behaviour, however, a wigeon swimming in the river was attacked by a Carrion Crow for no apparent reason.
No intraspecific overlapping of territories was recorded ( Figs. 1 and 2 ). Interspecific overlapping was observed between the territory of C3 (Carrion Crow) and those of J1 and J2 (Jungle Crow). However, the owner pairs of J1 and J2 never foraged or perched in C3's territory although they were observed flying over it. J1 and J2 did not behave antagonistically within the C3 territory; therefore the territories of J1 and J2 were drawn as concave polygons (see Fig. 1 ). The area that crows used but did not defend was defined as their home range.
Notable cases involving overlapping of home ranges between the two species were observed. The home ranges of J2 and J4 largely overlapped the home ranges of Carrion Crows above the Takano River. The nest of J4 was located on the western side of the Takano River, but the J4 pair foraged mainly on the eastern side. The J2 and J4 pairs did not perch or forage in the river area. Flying over the Takano River resulted in intrusions by the J4 pair into the territory of the C7 pair. In 53 cases, the C7 pair showed no reaction to the Jungle Crows' passing, but in 10 105
Comparative study on syntopic corvids cases they chased or attacked the intruders. The Jungle Crows never attacked the C7 pair above the river. When being chased or attacked by the territory owners, the Jungle Crows never engaged in fighting but just flew away. Immediately after passing the territory boundary to one side of the river, the Jungle Crows turned and started threatening or attacked the Carrion Crows that were chasing them. A similar case, in which a Jungle Crow pair did not defend part of their home range, and that undefended area was occupied by a territorial Carrion Crow pair, was also observed between the J2 and C5 pairs (Table 2 ) whose home ranges also overlapped. As in the case of J4 and C7, J2 foraged on the opposite side of the river. The frequency of Carrion Crow attacks on Jungle Crows crossing the river, where the Carrion Crows held territories, did not differ significantly between pairs J2 and J4 (Table 2 , Fisher's exact test, two-tailed, Nϭ24 (J2), 66 (J4), Pϭ0.40, NS), although the sample size is small. Four garbage collection points ("garbage stations") were located in the foraging area of J4 on the eastern side of the river (Figs. 1 and 3) . The garbage stations were uncovered, thus the garbage in plastic bags was easily accessible for the crows. J2 also visited three to four garbage stations. Compared with the western side, there were more apartment houses on the eastern side of the Takano River where garbage was placed in the garbage stations everyday. Although J3 did not fly across the river, the pair flew over C6's territory to visit garbage stations on the southwestern side of the J3 territory. The C6 pair attacked the J3 pair when they flew over C6's territory. The J3 pair seemed to mostly attack the C6 pair at the territory border as did the J2 and J4 pairs. However, the J3 and C6 pairs were sensitive to the observer and nested in dense woods where observation from a distance was impossible, thus further interactions between the pairs could not be investigated. This type of split territory was not observed in Carrion Crows. All Carrion Crow territories were continuous, and they stayed inside the areas they defended. Carrion Crows' home ranges coincided with their territories (Figs. 1 to 2) .
2) Time spent on the ground A prominent behavioral difference between the two species was the use of different vertical positions within the habitat. Jungle Crows mainly stayed on trees, buildings, utility poles, or power lines, that is, places higher than the ground level. I classified the perching positions into two levels, ground level, and higher level. Jungle Crows used the ground level in only 6.6% of the observation time, whereas Carrion Crows were on the ground during 36.3% of the observation time (Table 3) . Jungle Crows stayed on the ground for 5 min at the longest, whereas Carrion Crows stayed for up to 23 min. The mean duration was 1.3 and 3.8 min for Jungle and Carrion Crows, respectively, which is a significant difference (Table  3 , Mann-Whitney U-test, Nϭ96 (Jungle Crow) and 181 (Carrion Crow), Uϭ3253, PϽ0.001). The frequency of flying down to the ground was also significantly lower in Jungle Crows (Table 3 , Mann-Whitney U-test, Nϭ96 (Jungle Crow) and 181 (Carrion Crow), Uϭ10, PϽ0.001).
3) Comparison of feeding sites
Mean distances between feeding quadrates were significantly larger in Jungle Crows than in Carrion Crows (Figs. 3 and 4 , Tables 4 and 5, Mann-Whitney U-test, Nϭ45 (Jungle Crow) and 317 (Carrion Crow), Uϭ0, PϽ0.001). In Carrion Crows, the mean distance was nearly 1, indicating that Carrion Crow feeding sites are continuous and form a small number of large clusters. On the other hand, in Jungle Crows
107
Comparative study on syntopic corvids the distances ranged from 1 to 15, indicating that Jungle Crow feeding sites are dispersed, and form isolated, small clusters (or consist of isolated single quadrats).
Jungle Crows used a small number of feeding quadrats. The number of feeding quadrats in Carrion Crows was significantly larger than in Jungle Crows (Tables 4 and 5 , Mann-Whitney U-test, Nϭ7 (Jungle Crow) and 12 (Carrion Crow), Uϭ0, PϽ0.001). Jungle Crows had larger territories than Carrion Crows (Tables 4 and 5 , Mann-Whitney U-test, Nϭ7 (Jungle Crow) and 12 (Carrion Crow), Uϭ10.5, PϽ0.01), and accordingly the feeding site density was significantly lower in the former than in the latter (Table 4,  Table 5 , Mann-Whitney U-test, Nϭ7 (Jungle Crow) and 12 (Carrion Crow), Uϭ0, PϽ0.001). These results indicate that Jungle Crows use a smaller number of more dispersed feeding sites in larger territories than Carrion Crows.
In Jungle Crow territories, the frequency of quadrats occupied by urban area was higher than in those of Carrion Crows (Fig. 5 , Mann-Whitney Utest, Nϭ7 (Jungle Crow) and 12 (Carrion Crow), Uϭ12, PϽ0.05). The location of large garbage stations (more than 2ϫ2 m in size) and restaurants (garbage was available everyday) where the crows can feed on garbage are shown in Figs. 3 and 4 . The frequency of feeding at garbage stations among all feeding quadrats was significantly higher in Jungle Crows than in Carrion Crows (Fig. 6 , Mann-Whitney U-test, Nϭ7 (Jungle Crow) and 12 (Carrion Crow), Uϭ0, PϽ0.001). In the former case it accounted for 81.2%, but in the latter only for 6.4%. However, the extent to which the species depended on garbage could not be estimated because the type and amount of food items taken up by the crows were unknown in many cases.
DISCUSSION
Jungle and Carrion Crows defended their territories both intra-and interspecifically. This territoriality indicates that intrusions both of members of the same species and of different species have negative consequences for the territory owners. Crows attacked many species, but the extent of aggressiveness against each attacked species is uncertain. Because the territories of the two species of crows tended to be distributed alternately, the frequency of antagonistic behavior between them could be expected to be high. Each territory of each species was adjacent to territories of the other species, which meant that conflicts could more easily occur between the species than among members of the same species. Carrion Crows attacked Black Kites more frequently than Jungle Crows did, possibly because Black Kites were usually observed flying over the Kamo River and the Takano River, where Carrion Crow territories were situated. In the cases when Black Kites intruded into Jungle Crow territories, the Jungle Crows also attacked the kites aggressively.
The mean duration of terrestrial feeding is significantly smaller in the Jungle Crows. The frequency of flying down to the ground is also significantly smaller, and therefore the total duration of terrestrial feeding is significantly smaller in the Jungle Crows. This difference in feeding behavior between the two species has not been quantitatively estimated in previous studies. The difference in feeding behavior coincides with their microhabitat preferences; i.e. the longer time spent on the ground by Carrion Crows coincides with their utilization of natural ground surfaces as feeding sites.
The microhabitat composition of the territories differs between the species. The proportion of urban areas is significantly higher in the territories of Jungle Crows than in those of Carrion Crows. The same tendency was also found in previous studies (Higuchi 1979; Nakamura 1998) .
The use of feeding habitats differs between the species. Jungle Crows use isolated, small sites within larger feeding areas. Carrion Crows, in contrast, use large, continuous areas within feeding areas. This difference relates to the differing amounts of time spent foraging on the ground between the two species, and their foraging habits (Jungle Crows commonly drop to take food spotted from a vantage point, while Carrion Crows commonly forage on foot). The feeding sites of Jungle Crows are mainly garbage stations, but those of Carrion Crows are located in various environments, such as forest floors, grasslands, and river floodplains in addition to a small number of garbage stations. It is suggested that the difference in feeding microhabitats results from an inverse relationship between territory size and the number of feeding quadrats. Jungle Crows feed mainly on human food scrap at a small number of good feeding sites where they can easily access food and feed, such as at large garbage stations. In contrast, Carrion Crows used various microhabitats and spend longer on the ground in each, therefore Carrion Crow territories are smaller but the number of feeding quadrats is larger than in 109 Comparative study on syntopic corvids Jungle Crows; Carrion Crows, it seems, are able to find food resources in any microhabitat.
Jungle Crows in urban areas have been suggested to depend on organic waste (e.g. Higuchi 1979 ). Carrion Crows also forage at garbage stations, although this behaviour is less frequent. It appears that waste is not the main food resource for Carrion Crows in the study area. Small garbage stations, which are not shown in Figs. 3 and 4 , are situated in urban areas. However, the territories of Carrion Crows contain less urban area than those of Jungle Crows, therefore the number of such small garbage stations is probably lower in Carrion Crow territories. The different proportions of urban areas in the territories of the two species are most likely related to differences in microhabitat preferences and feeding behavior. Another possibility is that Jungle Crows include sufficient garbage stations within their territories to provide all their food resources, thus they do not need to forage in other microhabitats as Carrion Crow do.
The split territories observed in two pairs of Jungle Crows in this study, were probably caused by the particular pattern of resource distribution and the defence cost. Territoriality is adaptive when the benefit by exclusive use of the area is larger than the defence cost (Maynard Smith 1982) ; the Takano River is a resource-poor microhabitat for Jungle Crows, and it would be too costly to exclude territorial Carrion Crows. On the other hand, riverbeds are valuable habitats for Carrion Crows, which implies that the same type of environment can have asymmetrical value for the two species. If food resources that Jungle Crows prefer, such as food scraps or carcasses, are found inside a Carrion Crow territory where it overlaps with a Jungle Crows' home range, resource competition between the species may occur. I observed that both Jungle Crows and Carrion Crows fed on food scraps at several garbage stations in a commercial area in Kyoto City, and the Jungle Crows dominated the food in several cases (Matsubara, unpublished data) . This suggests that the two species compete for this food resource to a certain extent.
As demonstrated above, feeding habitats and feeding behavior differ between the two species, but as indicated in a previous study (Ikeda 1957) , their food preferences largely overlap. Jungle Crows are likely to be dominant over Carrion Crows because they are larger: the body weight range of the former is 570-860 g, and that of the latter is 370-730 g (Tamada & Fujimaki 1993) . Another potentially important issue is nest defence, because corvids are known to prey on other bird's nests. Nest predation by conspecific young individuals has been suggested to be the main reason for reproductive failure in Carrion Crows (Yom-Tov 1974) . I observed one case of a Jungle Crow attempting to predate a Carrion Crow's nest (Matsubara, unpublished data). In Tokyo, successful nest predation by Jungle Crows upon Carrion Crows' nests has been reported (Hitoshi Fujimura, personal communication). Thus, interspecific territoriality between Jungle Crows and Carrion Crows may partly be due to food resource defence and partly to nest defence. The differences in feeding behavior and habitat preference probably reduce resource competition, but apparently they are insufficient to avoid competition for food entirely. It is suggested that Carrion Crows in the study area are excluded from zones with abundant supply of organic waste because these are occupied by the dominant Jungle Crows; Carrion Crow territories probably do not offer enough garbage as a food resource for Jungle Crows to exclude Carrion Crows. However, Jungle Crows can be strong competitors for Carrion Crows if food that is attractive for Jungle Crows is found inside Carrion Crow territories. Interspecific territoriality and overlapping home ranges are likely to be maintained by the differences of feeding behavior, food habits and the distribution of food resources between microhabitats.
